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Gas U t i l i z a t i o n  Today and i n  t h e  F u t u r e  

Dan ie l  Par s o n  

Northern I l l i n o i s  Gas Company, Aurora,  I l l i n o i s  

Be fo re  beg inn ing  t h i s  d i s c u s s i o n  on t h e  u t i l i z a t i o n  of g a s ,  l e t  me p rov ide  
some b r i e f  background on t h e  p r e s e n t  s t a t u s  o f  gas  i n  t h e  N a t i o n ' s  aggrega te  
energy r equ i r emen t s .  Subsequen t ly ,  w e  w i l l  examine t h e  f u t u r e  of g a s  u t i l i z a t i o n ,  
some o f  t h e  economic problems a s s o c i a t e d  w i t h  t h i s  i n d u s t r y ,  and some c h a l l e n g e s  t o  
r e s e a r c h  and technology w i t h i n  t h e  i n d u s t r y .  

The gas  i n d u s t r y  had i t s  in fancy  i n  t h e  e a r l y  n i n e t e e n t h  c e n t u r y  w i t h  the f i r s t  
l i m i t e d  d i s t r i b u t i o n  of  l o w  B t u  g a s e s  manufactured from c o a l .  
n e a r l y  60 p e r c e n t  of t h e  i n d u s t r y ' s  customers  were s t i l l  dependent  e i t h e r  upon 
manufactured gases  (from c o a l  or  o i l )  or m i x t u r e s  of manufactured and n a t u r a l  gas .  
To b e  s u r e ,  s u b s t a n t i a l  p o r t i o n s  of t h e  c o u n t r y  had been u s i n g  n a t u r a l  gas  f o r  many 
y e a r s  b e f o r e  t h i s ,  where t h e  gas  was produced more o r  less l o c a l l y .  However, t h e  
r a p i d  growth of t h e  gas  i n d u s t r y ,  and t h e  major e x t e n s i o n  of n a t u r a l  g a s  a v a i l a b i l i t y  
t o  a l l  p o r t i o n s  of t h e  Nat ion which f a c i l i t a t e d  t h i s  growth,  was i n i t i a t e d  i n  1931  
w i t h  the  c o n s t r u c t i o n  of N a t u r a l  Gas P i p e l i n e  Company from Texas and  Oklahoma to t h e  
Chicago a r e a .  I t  a c c e l e r a t e d  s u b s t a n t i a l l y  i n  subsequent  y e a r s  as  t h e  a v a i l a b i l i t y  
of h i g h - s t r e n g t h  s t e e 1  p i p e  and e f f e c t i v e  welding t echn iques  made long-d i s t ance  
t r a n s p o r t a t i o n  of n a t u r a l  g a s  economical ly  and p h y s i c a l l y  f ea s ib l e .  

A s  r e c e n t l y  as  1940,  

U n t i l  a f t e r  World War 11, s u p p l i e s  of  n a t u r a l  g a s  a v a i l a b l e  for d e l i v e r y  
s u b s t a n t i a l l y  exceeded t h e  a b i l i t y  of the  p i p e l i n e  network t o  market t h e  gas .  I t  
was a b u y e r ' s  market and n a t u r a l  gas  i n  t h e  f i e l d  was s o l d ,  frequently as a by-product  
of o i l  p roduc t ion  and under  i n c r e m e n t a l  p r i c i n g  t h e o r i e s ,  a t  p r i c e s  which i n  
r e t r o s p e c t  appea r  extremely low. Immediately a f t e r  World War 11, c o a l  and o i l  p r i c e s  
r o s e  s u b s t a n t i a l l y  and sudden ly  n a t u r a l  gas  became t h e  c h e a p e s t  S G I X C ~  o f  energy for  
a m u l t i t u d e  of purposes ,  i n  most p a r t s  of t h e  c o u n t r y .  P i p e l i n e  c o n s t r u c t i o n  
a c c e l e r a t e d  markedly,  .and t r a n s m i s s i o n  l i n e s  were b u i l t  t o  v i r t u a l l y  eve ry  co rne r  
of t h e  coun t ry .  The a d d i t i o n a l  r equ i r emen t s  c r e a t e d  by t h e s e  new p i p e l i n e s  a f f e c t e d  
t h e  supply-demand r e l a t i o n s h i p  s u b s t a n t i a l l y .  P roduce r s  soon r e a l i z e d  t h a t  they no 
l o n g e r  were market ing a t roublesome and r e l a t i v e l y  u n d e s i r a b l e  by-product  f o r  which 
they  would a c c e p t  a lmost  any p r i c e ,  b u t  were t h e  proud p o s s e s s o r s  o f '  an  extremely 
d e s i r a b l e  commodity of s u b s t a n t i a l  v a l u e .  The ave rage  p r i c e  of n a t u r a l  g a s  i n  t h e  
f i e l d  r o s e  from 4.9 c e n t s  i n  1945 to 1 0 . 4  c e n t s  i n  1955. I n  my own o p i n i o n ,  t h i s  is  
i n  t h e  b e s t  American t r a d i t i o n ,  t h a t  a p roduc t  a v a i l a b l e  i n  l i m i t e d  supp ly  should 
b r i n g  i n c r e a s i n g l y  higher  p r i c e s  a s  t h e  demand i n c r e a s e s .  T h i s  i s  t h e  s u r e s t  way 
t o  encourage t h e  i n t r o d u c t i o n  of  new p roduce r s ,  t h u s  i n c r e a s i n g  t h e  a v a i l a b l e  supp ly ,  
and b r ing ing  t h e  p r i c e  down. S i n c e  1961, t h e  ave rage  p r i c e  of n a t u r a l  g a s  i n  t h e  
f i e l d  has  indeed . s t a b i l i z e d ,  a l t h o u g h  whether t h i s  is p r i m a r i l y  a t t r i b u t a b l e  t o  the 
f o r c e s  o f  economics,  or  because  of r e g u l a t o r y  a c t i o n s  o f  t h e  F e d e r a l  Government is 
a q u e s t i o n  I s h a l l  n o t  d i s c u s s  h e r e .  And, a t  t h e  p r e s e n t  t i m e ,  over 98  p e r c e n t  O f  

t h e  g a s  d i s t r i b u t e d  by u t i l i t i e s  i n  t h e  Un i t ed  S t a t e s  is p u r e  n a t u r a l  g a s .  

L e t  u s  now d i s c u s s  t h e  components of t h i s  nat ion-wide demand f o r  n a t u r a l  gas-- 
t h e  d i f f e r e n t  t ypes  of consumers ,  and d i f f e r e n t  t y p e s  o f  a p p l i c a t i o n s .  I n  the f i e l d  
of h e a t i n g ,  t h e  growth has  been phenomenal. 
u s i n g  n a t u r a l  g a s  f o r  h e a t i n g  t h e i r  homes has  r i s e n  from 7.4 m i l l i o n  i n  1949 t o  
24.0 m i l l i o n  i n  1963. These t o t a l s  exc lude  s u b s t a n t i a l  numbers of fami l ies  i n  m u l t i -  
f ami ly  s t r u c t u r e s  where gas  i s  used i n  c e n t r a l  h e a t i n g . s y s t e m s ,  and exclude s i g n i f i -  
c a n t  numbers of households  u s i n g  l i q u e f i e d  petroleum g a s  f o r  h e a t i n g  i n  a r e a s  beyond 
g a s  u t i l i t y  mains.  
and o n e - f o u r t h  m i l l i o n  new r e s i d e n t i a l  h e a t i n g  customers  each y e a r  f o r  t he  p a s t  f i v e  
y e a r s ,  and a n t i c i p a t e  a c c n t i n u a t i o n  o f  t h i s  growth r a t e  i n  t h e  f o r e s e e a b l e  f u t u r e .  
I n  t h e  preponderance of t h e  Na t ion ,  n a t u r a l  g a s  i s  t h e  c h e a p e s t  h e a t i n g  f u e l ,  n o t  

The t o t a l  number o f  r e s i d e n t i a l  customers  

The g a s  companies have been adding between o n e  m i l l i o n  and one 

, 
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o n l y  f o r  r e s i d e n t i a l  cus tomers ,  b u t  a l s o  f o r  commercial and i n d u s t r i a l  e s t a b l i s h m e n t s ,  
t o  say  n o t h i n g  of i t s  o t h e r  d e s i r a b l e  a t t r i b u t e s .  I n  ou r  s e r v i c e  a r e a  i n  n o r t h e r n  
I l l i n o i s ,  for  i n s t a n c e ,  n a t u r a l  g a s  for r e s i d e n t i a l  u s e  c o s t s  35 p e r c e n t  l e s s  t h a n  
o i l ,  1 5  p e r c e n t  l e s s  than c o a l ,  and 70 p e r c e n t  l e s s  t h a n  e l e c t r i c  h e a t i n g .  These 
f a v o r a b l e  economic c i r c u m s t a n c e s  a r e  n o t  unusua l ,  and w e  expec t  t h a t  they w i l l  
c o n t i n u e  t o  p r e v a i l  i n  t h e  f u t u r e .  Ninety-nine p e r c e n t  of  t h e  new homes i n  our 
s e r v i c e  a r e a  i n s t a l l  g a s  h e a t i n g  i n  a r e a s  w i t h i n  r e a c h  of  our mains ,  and we t r y  
v i g o r o u s l y  t o  reach a lmos t  eve ryone .  

I n  t h e  r e s i d e n t i a l  m a r k e t ,  b a s i c  household gas  a p p l i a n c e s  have a l s o  shown marked 
growth,  a l t h o u g h  no t  a t  t h e  same r a t e  a s  h e a t i n g .  For  example,  C h a r t  1 shows t h e  
growth of g a s  cooking a s  r e p o r t e d  i n  the  v a r i o u s  Un i t ed  S t a t e s  Censuses  o f  Housing. 
If Census d a t a  were a v a i l a b l e  f o r  y e a r s  p r i o r  t o  1960 f o r  wa te r  h e a t i n g ,  an even 
more r a p i d  growth would be a p p a r e n t .  These growth ra tes  have  been lower than t h a t  
f o r  h e a t i n g  f o r  one s i g n i f i c a n t  r e a s o n .  To a major  e x t e n t  f o r  cooking and c l o t h e s  
d r y i n g ,  and t o  a l e s s e r  e x t e n t  for  wa te r  h e a t i n g ,  o p e r a t i n g  c o s t  is  n o t  a c r u c i a l  
f a c t o r  i n  consumer f u e l  d e c i s i o n s  d u r i n g  decades  o f  eve r -h ighe r  economic a c t i v i t y .  
Annual o p e r a t i n g  c o s t s  a r e  r e l a t i v e l y  small r e g a r d l e s s  of  t h e  f u e l  u sed ,  because of 
t h e  modest energy r e q u i r e m e n t s  o f  t h e s e  a p p l i c a t i o n s .  Accord ing ly ,  a 1  though g a s  is  
t h e  l e a s t  c o s t l y  form o f  ene rgy ,  i t  must a l s o  compete i n  terms of q u a l i t a t i v e  and 
s u b j e c t i v e  f e a t u r e s  a s s o c i a t e d  w i t h  t h e  r e s p e c t i v e  a p p l i a n c e .  Some of our compe t i to r s  
produce a t t r a c t i v e  and webl-designed eq,iipment, and adver t i s 6  i t  n a t i o n a l l y  on a 
massive s c a l e .  We welcome t h i s  k i n d  of s p i r i t e d  c o m p e t i t i o n ,  and we a r e  c o n f i d e n t  
t h a t  we w i l l  more than ho ld  our own i n  t h e  r e s i d e n t i a l  a p p l i a n c e  market  o f  t h e  f u t u r e .  

The growth in  commercial  u s e  of  gas  f o r  non-hea t ing  a p p l i c a t i o n s  has  a l s o  been 
v e r y  s u b s t a n t i a l .  Cos t  f a c t o r s  a r e  impor t an t  t o  a commercial  e s t a b l i s h m e n t ,  which 
is  more concerned w i t h  i t s  own p r o f i t  and loss than w i t h  a d v e r t i s i n g  messages and 
s u b j e c t i v e  e v a l u a t i o n .  Surveys done a t  p e r i o d i c  i n t e r v a l s  among the b e s t  r e s t a u r a n t s  
throughout  t h e  Nat ion c o n f i r m  an  overwhelming and c o n s i s t e n t  u s e  of g a s  f o r  cooking 
i n  excess  of  90 p e r c e n t .  F u r t h e r  f a v o r a b l e  ev idence  is a v a i l a b l e  f rom t h e  accep tance  
of g a s  a t  t h e  N e w  York Wor ld ' s  F a i r  where g a s  i s  be ing  used f o r  80 p e r c e n t  of t h e  
c o o l i n g ,  90 p e r c e n t  of t h e  h e a t i n g  and water  h e a t i n g ,  and 99 p e r c e n t  of t h e  cooking. 
For a l l  commercial s a l e s  by g a s  u t i l i t i e s ,  t h e  compound annua l  growth r a t e  i n  t h e  
p a s t  ten y e a r s  has  been 8 .6  p e r c e n t .  

I n  t h e  f i e l d  of i n d u s t r i a l  p r o c e s s i n g  a p p l i c a t i o n s ,  gas  h a s  a l s o  enjoyed r a p i d  
growth,  The c o s t  advan tages  enjoyed by n a t u r a l  g a s  a r e  supplemented by o t h e r  
impor t an t  c o n s i d e r a t i o n s  w i t h i n  t h e  p l a n t ,  such a s  e a s e  of c o n t r o l ,  evenness  and 
q u a l i t y  of  h e a t i n g ,  and d e p e n d a b i l i t y  o f  supp ly .  I n d u s t r i a l  g a s  s a l e s  by u t i l i t i e s ,  
i n c l u d i n g  a l l  a p p l i c a t i o n s  of g a s  in  such e s t a b l i s h m e n t s ,  have shown an annual  
ave rage  growth r a t e  of s l i g h t l y  over  6 p e r c e n t .  
i n  t h i s  r a t e  i n  t h e  f o r e s e e a b l e  f u t u r e ,  u n l e s s  i n d u s t r i a l  expansion d e c l i n e s  markedly. 

I do  n o t  a n t i c i p a t e  any d e c e l e r a t i o n  

The s t o r y  i s  somewhat d i f f e r e n t  f o r  a i r  c o o l i n g .  I n  t h e  r e s i d e n t i a l  market ,  t h e  

Our p r o g r e s s  i n  g a i n i n g  widesp read  a c c e p t a n c e  and u s e  has  t h e r e f o r e  
o p e r a t i n g  c o s t  advan tages  of n a t u r a l  gas  have so f a r  been more than  o f f s e t  by h ighe r  
equipment c o s t s .  
been d i s a p p o i n t i n g l y  s low.  S u b s t a n t i a l  r e s e a r c h  i s  b e i n g  devo ted  t o  t h i s  problem, 
and w i t h i n  t h e  nex t  f e w  y e a r s  w e  a n t i c i p a t e  t h a t  s e v e r a l  a d d i t i o n a l  prominent 
a p p l i a n c e  manufac tu re r s  w i l l  be market ing more e f f i c i e n t  and less expensive r e s i d e n -  
t i a l  a i r  c o n d i t i o n i n g  equipment u s i n g  n a t u r a l  gas .  T h i s  w i l l  e n a b l e  our i n d u s t r y  
t o  o b t a i n  a s u b s t a n t i a l ,  if n o t  major ,  s h a r e  of t h i s  r a p i d l y  growing market.  I n  
commercial  and i n d u s t r i a l  a i r  c o n d i t i o n i n g  a p p l i c a t i o n s ,  t h i s  problem is r e l a t i v e l y  
minor .  
equipment c o s t ,  and a r e  o b t a i n i n g  s u b s t a n t i a l  p o r t i o n s  'of t h e  market  w i t h  d i r e c t  
a b s o r p t i o n  equipment,  g a s - f i r e d  eng ines ,  and large-volume s team a b s o r p t i o n  u n i t s .  
We expec t  t o  improve our p o s i t i o n  even f u r t h e r  i n  t h e s e  marke t s  i n  t h e  f u t u r e ,  
p a r t i a l l y  through the  c o n c e p t  of o n - s i t e  t o t a l  energy g e n e r a t i o n .  

Many gas companies  a r e  competing f a v o r a b l y  i n  bo th  o p e r a t i n g  c o s t  and 

S i g n i f i c a n t  consumer i n t e r e s t  i s  a l r e a d y  being expres sed  
new concep t  of o n - s i t e  t o t a l  energy g e n e r a t i o n ,  u s i n g  n a t u r a l  

i n  t he  r e l a t i v e l y  _a 

g a s  i n  engines  or 
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t u r b i n e s .  I n  t h e s e  a p a l i c a t i o n s  t h e  e n g i a e  or t u r b i n e  produces t h e  r e q u i r e d  
e l e c t r i c i t y  on t h e  cus tomer ' s  p remises ,  and the  waste h e a t  is emaloyed f o r  h e a t i n g ,  
a i r  c o n d i t i o n i n g ,  and h o t  wa te r  h e a t i n g .  Such i n s t a l l a t i o n s  are  comple t e ly  
dependab le ,  and o f f e r  i m p o r t a n t  c o s t  s a v i n g s  t o  consumers who have r e l a t i v e l y  
l e v e l  l o a d  r equ i r emen t s  t h roughou t  t h e  y e a r .  They a r e  g e n e r a l l y  n o t  f e a s i b l e  f o r  
a customer whose e l e c t r i c  l o a d  f l u c t u a t e s  wide ly ,  because  of  t h e  c a p i t a l  c o s t s  of 
equipment needed o n l y  to meet i n f r e q u e n t  peaks.  Under proper  c o n d i t i o n s  they  
a c h i e v e  t o t a l  system e f f i c i e n c i e s  s i g n i f i c a n t l y  i n  e x c e s s  of  60 p e r c e n t .  Our new 
Genera l  Off ice  b u i l d i n g ,  n i n e  m i l e s  n o r t h e a s t  o f  Auro ra ,  I l l i n o i s ,  h a s  been 
s u c c e s s f u l l y  u s i n g  t h i s  c o n c e p t  for over  a year  and a h a l f ,  and i s  demons t r a t ing  
d r a m a t i c a l l y  what such i n s t a l l a t i o n s  can a c h i e v e  fo r  customers .  Gur m a r k e t  a n a l y s e s  
i n d i c a t e  a ve ry  s u b s t a n t i a l  p o t e n t i a l  f o r  such  a p s l i c a t i o n s ,  which w e  i n t e n d  t o  
e x p l o i t  f u l l y .  

I n  t h e  f u t u r e ,  our i n d u s t r y  w i l l  be s e l l i n g  f u e l  c e l l s .  These w i l l  c o n v e r t  
n a t u r a l  g a s  d i r e c t l y  t o  e l e c t r i c i t y ,  s i l e n t l y ,  e f f i c i e n t l y ,  and r e l i a b l y ,  on t h e  
premises  O f  t h e  customer.  They w i l l  b e  d e s i g n e d  p r i m a r i l y  f o r  r e s i d e n t i a l  and 
o t h e r  s m a l l  u s e r s ,  where eng ines  a r e  n o t  a p p l i c a b l e .  S u b s t a n t i a l  f u n d s  a r e  be ing  
s p e n t ,  b o t h  by the  g a s  i n d u s t r y  and by i n d i v i d u a l  manufac tu re r s  and r e s e a r c h  
o r g a n i z a t i o n s ,  t o  h a s t e n  t h e  day when such f u e l  c e l l s  w i l l  b e  wide ly  a v a i l a b l e .  
We look fo rward  wi th  eage r  a n t i c i p a t i o n  t o  t h e  day when no cus tomer ,  r e s i d e n t i a l ,  
commercial ,  o r  i n d u s t r i a l ,  w i l l  r e q u i r e  any fo rm of ene rgy .on  h i s  p remises  o t h e r  
t han  t h a t  s u p p l i e d  th rough  a g a s  l i n e .  

Perhaps t h e  b e s t  w a y  of summarizing t h e  a g g r e g a t e  growth o f  n a t u r a l  g a s  i n  
t h e  N a t i o n ' s  economy is t o  p r o v i d e  a c h a r t  showing t h e  i n c r e a s e s  i n  t o t a l  energy 
used i n  t h e  Un i t ed  S t a t e s ,  and t h e  way i n  which n a t u r a l  gas  h a s  c o n t r i b u t e d  t o  
t h o s e  i n c r e a s e s .  I have t aken  t h e  l i b e r t y  of appending t o  t h e  h i s t o r i c a l  d a t a  a 
few p r o j e c t i o n s  of  my own which I r e g a r d  as " c o n s e r v a t i v e l y  r e a l i s t i c . "  I n  1940, 
n a t u r a l  gas  p rov ided  11.4 p e r c e n t  of t h e  t o t a l ;  i n  1950 i t  was 18.0 p e r c e n t ;  i n  
1963 i t  was 29.7 p e r c e n t ;  and i n  1 9 7 0  i t  w i l l  p r o v i d e  32.3 p e r c e n t .  , 

Continued growth i n  demand for  n a t u r a l  g a s  o b v i o u s l y  ra ises  t h e  q u e s t i o n  O f  

adequacy of f u t u r e  supp ly .  
e s t i m a t e s  of t o t a l  f u t u r e  s u p p l i e s  o f  n a t u r a l  g a s  i n  t h e  Un i t ed  S t a t e s .  I emphasize 
t h a t  they must be e s t i m a t e s ,  because n o  one can y e t  s c i e n t i f i c a l l y  d e t e r m i n e  how 
much g a s  may e x i s t  i n  a g i v e n  p l a c e  and a t  a g i v e n  d e p t h  b e f o r e  t h a t  p l a c e  has  been 
l o c a t e d  and adequa te  d r i l l i n g  has  occur red .  The e s t i m a t e s  of t h e s e  e x p e r t s  have 
ranged between 600 t r i l l i o n  cub ic  f e e t  and 1 , 8 0 9  t r i l l i o n  c u b i c  f e e t ,  w i t h  r e c e n t  
e s t i m a t e s  g e n e r a l l y  i n  t h e  upper r a n g e .  Even a t  t h e  midpoint  of t h i s  s c a l e ,  some 
r e l a t i v e l y  s i m p l e  a r i t h m e t i c  i n d i c a t e s  t h a t  s u p p l i e s  w i l l  be comple t e ly  adequate  fo r  
a c o n s i d e r a b l e  number of decades: And we a r e  n o t  l i m i t e d  e x c l u s i v e l y  t o  t h e  n a t u r a l  
g a s  which w i l l  be found w i t h i n  t h e  l i m i t s  of t h e  c o n t i g u o u s  f o r t y - e i g h t  s t a t e s .  
Very s u b s t a n t i a l  a d d i t i o n a l  q u a n t i t i e s  of n a t u r a l  g a s  w i l l  b e  a v a i l a b l e  t o  t h e  U.S. 
by c o n v e n t i o n a l  p i p e l i n e  i m p o r t a t i o n  from Canada and Mexico. Less s i g n i f i c a n t ,  
b u t  s t i l l  impor t an t ,  q u a n t i t i e s  w i l l  be a v a i l a b l e  from tanker  sh ipmen t s  i n  l i q u e f i e d  
form from o v e r s e a s  p o i n t s .  Many n a t i o n s  produce l a r g e  q u a n t i t i e s  of c rude  o i l ,  
which f i n d s  a ready market ,  and a l s o  produce s u b s t a n t i a l  amo.lnts of n a t u r a l  g a s  w i t h  
l i m i t e d  l o c a l  r equ i r emen t s .  
t r a n s p o r t  l i q u e f i e d  n a t u r a l  gas  i s  i n e v i t a b l e ,  s o  t h a t  n a t u r a l  g a s  now being wasted 
i n  some n a t i o n s  can be e f f e c t i v e l y  and economica l ly  d e l i v e r e d  t o  marke t .  For those  
a r e a s  w i t h  e x c e s s  s > i p p l i e s  of n a t u r a l  gas which a r e  n o t  too remote from l a r g e  over- 
s e a s  markets, l o n g - d i s t a n c e  under-water p i p e l i n e s  anchored t o  t h e  ocean f l o o r  w i l l  
become f e a s i b l e .  Such a l i n e  a c r o s s  t h e  Med i t e r r anean  from A l g e r i a  t o  Southern 
Europe, has  a l r e a d y  been d i s c u s s e d .  

Many e x p e r t s  have a t t e m p t e d  t o  d e v e l o p  r e a s o n a b l e  

The development of f l e e t s  of r e f r i g e r a t e d  t a n k e r s  to 

As a f u r t h e r  supplement t o  n a t u r a l  g a s  s u p p l i e s  i n  the  Un i t ed  S t a t e s ,  w e  have 
h i g h l y  f a v o r a b l e  p r o s p e c t s  of  manufac tu r ing  s y n t h e t i c  methane f r o a  o i l  s h a l e s ,  low- 
g r a d e  b i tuminous  c o a l  d e p o s i t s ,  l i g n i t e ,  and tar s a n d s .  S u b s t a n t i a l  i n d u s t r y  f u n d s  
have been s p e n t  i n  r e c e n t  y e a r s  i n  r e s e a r c h i n g  t h e  p r o c e s s e s  n e c e s s a r y  f o r  such 
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c o n v e r s i o n ,  i nc lud ing  t h e  development  Of s m a l l - s c a l e  p i l o t  p l a n t s .  R e c e n t l y ,  p l a n s  
were announced by s e v e r a l  Gas Boards i n  G r e a t  B r i t a i n  t o  produce a s y n t h e t i c ,  h i g h  
Btu g a s  from r e f i n e d  pe t ro l eum p r o d u c t s  ( p r i m a r i l y  naph tha )  a t  a p r i c e  p e r  therm 
which even today ,  b e f o r e  f u r t h e r  r e s e a r c h ,  is w i t h i n  h a i l i n g  d i s t a n c e  of n a t u r a l  
g a s  p r i c e s  i n  t h e  U.S. 

To d a t e ,  i m p o r t a t i o n  o f  l i q u e f i e d  n a t u r a l  g a s  and p roduc t ion  o f  s y n t h e t i c  
' n a t u r a l  gas  have n o t  o c c u r r e d  i n  t h e  U n i t e d  S t a t e s  because  they c o s t  more than  

n a t u r a l l y - o c c u r r i n g  methane. However, two f a c t o r s  w i l l  g r a d u a l l y  e l i m i n a t e  t h i s  
economic d i f f e r e n t i a l .  N a t u r a l  g a s  ( i n  common w i t h  a l l  o t h e r  mine ra l  and ene rgy  
r e s o u r c e s )  w i l l  g r a d u a l l y  i n c r e a s e  i n  p r i c e ,  as demand i n c r e a s e s  and n a t u r a l  s u p p l i e s  
d i m i n i s h .  The s y n t h e t i c  p r o d u c t ,  or t h e  n a t u r a l  p r o d u c t  from unusua l  s o u r c e s ,  w i l l  
g r a d u a l l y  d e c l i n e  i n  p r i c e  a s  technology improves t h e  a p p l i c a b l e  manufac tu r ing  o r  
m a r k e t i n g  p r o c e s s e s .  

Now t h a t  I have reviewed t h e  magnitude o f  t h e  marke t s  and t h e  adequacy o f  
s u p p l i e s  t o  meet t h o s e  demands, l e t  me t u r n  t o  t h e  economics of u t i l i z a t i o n .  I n  
t h e  f i r s t  p l a c e ,  I b e l i e v e  t h a t  u t i l i z a t i o n  (or  s a l e s )  is  t h e  e s s e n t i a l  f a c t o r  i n  
any i n d u s t r y .  Unless  a p r o d u c t  i s  e v e n t u a l l y  used and a p r o f i t  d e r i v e d ,  a l l  e l s e  
is mean ing le s s .  The f a c t o r  which d e t e r m i n e s  t h e  u t i l i z a t i o n . o f  any g i v e n  p roduc t  
i s  i ts  o v e r a l l  economics, b o t h  tc t h e  manufac tu re r  and/or d i s t r i b u t o r ,  and t o  t h e  
consumer.  C o s t s  a t  a l l  l e v e l s ,  f o r r e s e a r c h ,  p r o d u c t i o n ,  and marke t ing ,  obviously 
a f f e c t  consumer economics. 

I 
.i 

i 

L e t  me s t a r t  a t  t he  beg inn ing ,  and d i s c u s s  some of  t h e  economic c h a r a c t e r i s t i c s  
of  n a t u r a l  g a s  e x p l o r a t i o n .  T h i s  a c t i v i t y  is obv ious ly  n e c e s s a r y  t o  l o c a t e  new 
sources which w i l l  r e p l a c e  g a s  b e i n g  produced and u s e d ,  and t h u s  m a i n t a i n  adequa te  
s u p p l i e s  and d e l i v e r a b i l i t y  f o r  f u t u r e  demands. E x p l o r a t i o n  f o r . n a t u r a 1  g a s  ( o r  
c r u d e  o i l )  i s  f i n a n c i a l l y  haza rdous ;  among t h o s e  w e l l s  d r i l l e d  i n  comple t e ly  new 
a r e a s  ( w i l d c a t s ) ,  only one  i n  t e n  f i n d s  commercial  d e p o s i t s  of  g a s  o r  o i l ,  and 
o n l y  about  one i n  one hundred p roves  p r o f i t a b l e ,  i n  s p i t e  of a l l  t h e  r e s e a r c h  on 
t e c h n i q u e s  f o r  i d e n t i f y i n g  l i k e l y  p r o d u c t i o n  s i t e s .  N e w s  a c c o u n t s  o f t e n  d i s c u s s  
t h o s e  who have s t r u c k  i t  r i c h ,  b u t  no one h e a r s  abou t  t h e  hundreds of p e o p l e  who 
have l o s t  t h e i r  i nves tmen t s  comple t e ly .  The h a z a r d s  of t h i s  b u s i n e s s  emphasize 
t h e  n e e d ,  f o r  t h e  good o f  t h e  c o u n t r y ,  t o  p r o v i d e  adequa te  i n c e n t i v e s  to t h o s e  
who r i s k  t h e i r  money i n  e x p l o r a t o r y  a c t i v i t i e s ,  and I s h a l l  r e t u r n  to t h i s  p o i n t  
s h o r t l y .  A l s o  remember t h a t  a d i s p r o p o r t i o n a t e l y  l a r g e  p e r c e n t a g e  of e x p l o r a t i o n  
i s  unde r t aken  by i n d i v i d u a l s  and small i ndependen t  o p e r a t o r s ,  r a t h e r  t han  t h e  
g i a n t ,  i n t e g r a t e d  o i l  companies  who might  be a b l e  t o  s p r e a d  t h e i r  r i s k s  more 
e f f e c t i v e l y .  Furthermore,  e x p l o r a t i o n  i s  becoming more c o s t l y  r a t h e r  t han  l e s s ,  
b e c a u s e  of i n c r e a s i n g  c o n c e n t r a t i o n  on o f f s h o r e  a r e a s  and deepe r  ho r i zons  where 
t h e  p o s s i b l e  rewards may be  g r e a t e r ,  b u t  where d r i l l i n g  c o s t s  p e r  f o o t  a r e  very much 
h i g h e r .  I t  i s  almost  a x i o m a t i c  i n  any e x t r a c t i v e  i n d u s t r y  t h a t  t h e  sha l lower  and 
more a c c e s s i b l e  d e p o s i t s  w i l l  b e  found s o o n e r ,  and t h a t  as t h e  i n d u s t r y  matures  i t  
req*. i i res  more i n g e n u i t y  and t e c h n o l o g i c a l  p r o g r e s s  t o  m a i n t a i n  t h e  pace of new 
d i s c o v e r i e s .  

/-* 

P r o d u c t i o n  o f  n a t u r a l  g a s  e n t a i l s  a wide v a r i e t y  of complex economic problems. 
N o  one knows how much i t  c o s t s  t o  l o c a t e  and produce a u n i t  of n a t u r a l  gas .  I n  t h e  

. e x p l o r a t i o n  phase,  i t  is  u s u a l l y  extremely d i f f i c u l t  t o  know whether  you w i l l  f i n d  
g a s  o r  o i l  or b o t h  i f  s u c c e s s f u l ;  and i m p o s s i b l e  to  know if t h e  h o l e  w i l l  be  d r y  
o r  p r o d u c t i v e  b e f o r e  you s t a r t  d r i l l i n g .  For t h e  90 p e r c e n t  of e x p l o r a t i o n  which 
is u n s u c c e s s f u l ,  how s h a l l  t h e  c o s t  be a p p o r t i o n e d  between g a s  and o i l ,  remembering 
t h a t  u n s u c c e s s f u l  e x p l o r a t i o n  is an i n t e g r a l  p a r t  o f  t h e  s e a r c h  t o  deve lop  new 
s o u r c e s  of  n a t u r a l  gas .  For a producing w e l l ,  where b o t h  g a s  and o i l  a r e  o b t a i n e d ,  
how s h a l l  t h e  o p e r a t i n g  c o s t s  be  a l l o c a t e d  between the  two p roduc t s .  The Fede ra l  
Power Commission has  been s t r u g g l i n g  w i t h  t h e s e  b a s i c  problems for s u b s t a n t i a l l y  
more than  f i v e  yea r s  i n  t h e i r  a t t e m p t s  t o  r e g u l a t e  t he  p r i c e  of n a t u r a l  g a s  a t  t h e  
w e l l h e a d ,  a s  t h e  Supreme C o u r t  r e q u i r e d  a f t e r  t h e  famous P h i l l i p s  Petroleum d e c i s i o n  
of 1954.  On c o s t  a l l o c a t i o n s ,  I d o n ' t  t h ink  they are  much c l o s e r  t o  a d e f e n s i b l e  
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and economica l ly  j u s t i f i a b l e  answer than  t h e y  were f i v e  y e a r s  ago. An a l t e r n a t i v e  
is  t o  i g n o r e  c o s t  a l l o c a t i o n s  and c o s t  d e t e r m i n a t i o n ,  and s e t  a p r i c e  f o r  n a t u r a l  
gas  a t  t h e  wel lhead based on i t s  v a l u e  as de te rmined  by a rm ' s - l eng th  n e g o t i a t i o n  
between producer  and p u r c h a s e r .  T h i s  is  t h e  s o - c a l l e d  commodity v a l k e  concep t ,  
which t h e  F e d e r a l  Power Commission h a s  n o t  as y e t  adop ted ,  p r e f e r r i n g  i n s t e a d  t o  
e x p l o r e  t h e  c o s t  d e t e r m i n a t i o n  p rocedure ,  

Another p o l i c y  m a t t e r  i n v o l v i n g  economic theo ry  i s  t h e  d e p l e t i o n  concep t .  
When a producer  s e l l s  n a t u r a l  g a s  he  i s  s e l l i n g  h i s  a s s e t ,  and p a r t  o f  t he  p r i c e  
he g e t s  is  a r e t u r n  of  c a p i t a l  r a t h e r  than a r e t u r n  0" c a p i t a l .  
t h e  l a t t e r  i s  t a x a b l y  b u t  t h e  former.  is  n o t .  
is n o t  unique t o  n a t u r a l  gas  and c r u d e  o i l .  The r a t e s  may v a r y ,  b u t  d e p l e t i o n  i s  
a v a i l a b l e  t o  t h e  s m a l l e s t  p r o p e r t y  owner growing e v e r g r e e n s  f o r  Chr i s tmas  t r e e s  on 
h i s  p r o p e r t y ,  and t o  t h e  l a r g e s t  i n d u s t r i a l  c o r p o r a t i o n  e x t r a c t i n g  any kind of  
mine ra l .  Another economic problem i s  the maintenance of r e l a t i v e l y  even r a t e s  o f  
f low from n a t u r a l  g a s  w e l l s ,  t o  maximize u l t i m a t e  r ecove ry  of t h e  r e s o u r c e  i n  s p i t e  
of s u b s t a n t i a l  s e a s o n a l  l oad  v a r i a t i o n s  a t  t h e  consumer l e v e l .  P r o d u c e r s  have 
a t t empted  t o  p r o t e c t  themselves  a g a i n s t  t h i s  problem by i n s t i t u t i o n  of take-or-pay 
p r o v i s i o n s  i n  t h e i r  s a l e s  c o n t r a c t s ;  I s h a l l  r e f e r  a g a i n  t o  t h i s  c o n c e p t  when I 
d i s c u s s  the  economic problems of p i p e l i n e s .  

Under our t a x  laws, 
Con t ra ry  t o  some i m p r e s s i o n s ,  d e p l e t i o n  

I t  should b e  kep t  i n  mind t h a t ,  t o  some e x t e n t ,  p roduce r s  of  n a t u r a l  g a s  have 
t h e  a l t e r n a t i v e  of  s e l l i n g  t h e i r  p r o d u c t  i n  i n t r a s t a t e  commerce, which would f r e e  
them o f  the  F e d e r a l  r e g u l a t o r y  problems I have d i s c u s s e d .  There are s u b s t a n t i a l  
i n t r a s t a t e  marke t s  f o r  n a t u r a l  g a s ,  ' c o n s i s t i n g  of pe t rochemica l  p l a n t s ,  o t h e r  
i n d u s t r i a l  e s t a b l i s h m e n t s ,  e l e c t r i c  power g e n e r a t i o n ,  and l o c a l  n a t u r a l  gas  
d i s t r i b u t o r s .  When a v a i l a b l e  s u p p l i e s  s i g n i f i c a n t l y  exceeded i n t e r s t a t e  market 
demands, t h e s e  i n t r a s t a t e  marke t s  were i n s u f f i c i e n t  t o  o f f e r  an e f f e c t i v e  a l t e r n a t i v e  
Now t h a t  s u p p l y  and demand have become more n e a r l y  ba l anced ,  "excess" s u p p l i e s  have 
become s u b s t a n t i a l l y  lower ,  and i n t r a s t a t e  marke t s  have grown s u b s t a n t i a l l y ,  t h e s e  
i n t r a s t a t e  marke t s  may assume g r e a t e r  r e l a t i v e  importance a s  an  e f f e c t i v e  a l t e r n a t i v e  
f o r  t h e  p roduce r .  Such a c o n d i t i o n  cou ld  d e p r i v e  markets  i n  consuming s t a t e s  l o c a t e d  
a t  some d i s t a n c e  from producing a r e a s  of t h e i r  needed i n c r e m e n t a l  s u p p l i e s ,  u n l e s s  
t h e s e  economic f a c t o r s  a r e  e f f e c t i v e l y  r ecogn ized  by r e g u l a t o r y  b o d i e s .  

The t r a n s p o r t a t i o n  or  p i p e l i n e  segment has  some of  i t s  own u n i q u e  economic 
problems. As a l l u d e d  t o  p r e v i o u s l y ,  . they a r e  f a c e d  w i t h  take-or-pay p r o v i s i o n s  i n  
t h e i r  gas  pu rchase  c c n t r a c t s .  Th i s  means t h a t  they must a c c e p t  some r e l a t i v e l y  h igh  
p e r c e n t a g e  of t h e  maximum amount of g a s  a v a i l a b l e  t o  them, on each  and every day of 
t h e  y e a r ,  or  pay f o r  i t  anyway. To p r o t e c t  themselves  a g a i n s t  s u c h  p r o v i s i o n s ,  t h e  
p i p e l i n e s  g e n e r a l l y  impose comparable take-or-pay p r o v i s i o n s  on t h e i r  d i s t r i b u t i n g  
u t i l i t y  cus tomers .  P i p e l i n e  r a t e s  a l m o s t  u n i v e r s a l l y  c o n t a i n  two components.  The 
demand charge i s  a f i x e d  o b l i g a t i o n  on the  customers  of t h e  p i p e l i n e ,  t o  pay a 
s p e c i f i c  amount each  month t o  cover  t h e  f i x e d  c o s t s  of  p r o v i d i n g  a d e f i n i t e  amount 
of d a i i y  c a p a c i t y  for  t h e  i n d i v i d u a l  customer.  The commodity c h a r g e ,  wh ich  v a r i e s  
d i r e c t l y  w i t h  t h e  q u a n t i t y  of  g a s  s o l d  t o  t h e  cus tomer ,  i s  i n t e n d e d  t o  cover  v a r i a b l e  
c o s t s  a t t r i b u t a b l e  t o  volumes t r a n s p o r t e d .  The most common take-or-pay p r o v i s i o n  i n  
p i p e l i n e  c o n t r a c t s  w i t h  d i s t r i b u t o r s  i s  t h a t  t h e  d i s t r i b u t o r  must  t a k e  o r  pay f o r  
75 p e r c e n t  of t h e  maximum amoilnt t o  which he  i s  e n t i t l e d  each  month ( d a i l y  c o n t r a c t  
amount t imes t h e  number o f  days  i n  t h e  month t imes t h e  commodity c h a r g e ) .  A t  l e a s t  
one p i p e l i n e  company is c u r r e n t l y  a t t e m p t i n g  t o  l e s s e n  t h e  impact  of i t s  take-or-pay 
p r o v i s i o n s  i n  pu rchase  c o n t r a c t s  w i t h  p r o d u c e r s ,  by deve lop ing  p o t e n t i a l  underground 
s t o r a g e  f i e l d s  n e a r  t h e  p roduc ing  a r e a .  
from t h e  p roduce r s  a t  a r e l a t i v e l y  even d a i l y  r a t e ,  and to va ry  t h e i r  d e l i v e r i e s  
t o  d i s t r i b u t i o n  company cus tomers ,  depending upon market  demands, by i n j e c t i o n s  and 
wi thd rawa l s  from t h e i r  own s t o r a g e  f i e l d .  

T h i s  would p e r m i t  them t o  purchase g a s  



Although t h e  deaand c h a r g e  pa id  by d i s t r i b u t o r s  t o  t h e  p i p e l i n e  is i n t e n d e d  
t o  c o v e r  t h e  f i x e d  c o s t s  of  t h e  p i p e l i n e ,  i t  does  n o t  a c c o q p l i s h  t h i s  o b j e c t i v e  
under  c u r r e n t  r e g u l a t o r y  p r a c t i c e .  Under t h e  s o - c a l l e d  Seaboard Formula, t h e  
F e d e r a l  Power Commission a l l o c a t e d  50 p e r c e n t  o f  f i x e d  c h a r g e s  t o  demand and 
50 p e r c e n t  t o  conmodity,  and a l l  o f  t h e  v a r i a b l e  c h a r g e s  t o  commodity. T h i s  
p o l i c y  p e n a l i z e d  d i s t r i b u t i o n  companies w i t h  h igh  l o a d  f a c t o r s ,  and rewarded those  
w i t h  poor l o a d  f a c t o r s .  T h i s  phenomenon i s  d e n o n s t r a t e d  i n  C h z r t  3 .  I s h a l l  n o t  
t a k e  t h e  time t o  exp la in  t h e  ph i losophy  under which t h e  F e d e r a l  Power Commission 
h a s  employed t h i s  a l l o c a t i o n  method, w i t h  i t s  i n h e r e n t  d e v i a t i o n  from p rope r  
economic p r i n c i p l e s .  Happ i ly ,  they a r e  c u r r e n t l y  showing s i g n s  o f  r e v e r s i n g  t h e i r  
d i r e c t i o n  p a r t i a l l y ,  and r e v e r t i n g  t o  a more r e a l i s t i c  economic i n t e r p r e t a t i o n  of 
c o s t  c a u s a t i o n .  

Another  i n t e r e s t i n g  c h a r a c t e r i s t i c  of many r e g u l a t o r y  a g e n c i e s  i s  t h e  r e t e n t i o n  
of o r i g i n a l  c o s t  a s  t h e  b a s i s  f o r  de t e rmin ing  a l l o w a b l e  r e t u r n  ( o r  e a r n i n g s ) .  I n  
such c a s e s ,  no  r e c o g n i t i o n  i s  g e n e r a l l y  acco rded  t o  i n f l a t i o n ,  r ep lacemen t  c o s t ,  or  
market  v a l u e  of F a c i l i t i e s .  The p i p e l i n e s  and u t i l i t i e s  a r e  p e r m i t t e d  t o  ea rn  a 
s p e c i f i e d  p e r c e n t a g e  of  t h e i r  d e p r e c i a t e d  o r i g i n a l  p r o p e r t y  c o s t .  There a r e  many 
o t h e r  r a m i f i c a t i o n s  of  how t h i s  s o - c a l l e d  "rate  base" is  de te rmined ,  and a n o t h e r  
e q u a l l y  l e n g t h y  paper c o u l d  be  r e a d i l y  w r i t t e n  on t h i s  s u b j e c t .  

A s  g a s  demands c o n t i n u e  t o  grow, p a r t i c u l a r l y  i n  b u i l t - u p  r e s i d e n t i a l  and com- 
m e r c i a l  a r e a s ,  i t  w i l l  be f a r  more p r a c t i c a l  and economical f o r  u t i l i t i e s  t o  i n c r e a s e  
o p e r a t i n s  p r e s s a r e s  r a t h e r  t han  c o n s t r u c t  numerous new d i s t r i b u t i n g  l i n e s .  T h i s  w i l l  
r e q u i r e  p i p e l i n e s  t o  i n c r e a s e  t h e i r  o p e r a t i n g  p r e s s u r e s  t o  t h e  e x t e n t  p o s s i b l e ,  
through a d d i t i o n  o f  s u b s t a n t i a l  compressor f a c i l i t i e s .  Already some p i p e l i n e s  a r e  
g i v i n g  s e r i o r i s  a t t e n t i o n  t o  t h i s  f o r t h c o n i n g  p r o b l e a .  I shou ld  remind you t h a t  
underground p i p e l i n e  t r a n s p o r t a t i o n  of n a t u r a l  g a s  is  one of the  most e f f i c i e n t  and 
l e a s t  expens ive  methods of energy t r a n s p o r t a t i o n  y e t  d e v i s e d .  N a t u r a l  g a s  p i p e l i n e s  
t r a n s p o r t  10 p e r c e n t  of t h e  N a t i o n ' s  a g g r e g a t e  i n t e r - c i t y  tonnage of f r e i g h t  move- 
men t s ,  compared wi th  20 p e r c e n t  f o r  t h e  e n t i r e  t r u c k i n g  i n d u s t r y .  

The l a s t  branch of  t h e  g a s  i n d u s t r y  is t h e  one w i t h w h i c h  I am most p e r s o n a l l y  
f a m i l i a r - - t h e  d i s t r i b u t i o n  conpan ies .  Cne p r i n c i p a l  problem i s  l o a d  f a c t o r ,  d e f i n e d  
as t h e  r a t i o  between a v e r a g e  d a i l y  r e q u i r e m e n t s  and peak day r e q u i r e m e n t s .  I n  the 
c l i m a t i c  c o n d i t i o n s  p r e v a i l i n g  i n  my company's s e r v i c e  a r e a ,  t h i s  r a t i o  is  26 p e r c e n t  
f o r  r e s i d e n t i a l  h e a t i n g ;  a r e s i d e n t i a l  h e a t i n g  customer u s e s  f o u r  t imes a s  muzh gas  
on t h e  c o l d e s t  w i n t e r  day a s  h i s  ave rage  d a i l y  use .  With t h e  s u b s t a n t i a l  growth 
i n  g a s  h e a t i n g  d e s c r i b e d  p r e v i o u s l y ,  t h i s  means t h a t  d i s t r i b u t i o n  companies have 
s u b s t a n t i a l l y  lower summer g a s  r e q u i r e m e n t s  t han  i n  w i n t e r .  U n l e s s  some method 
i s  employed t o  use t h i s  u n r e q u i r e d  summer gas  p r o f i t a b l y ,  s i n c e  they  must pay f i x e d  
demand c h a r g e s  t o  t h e  p i p e l i n e  th roughou t  t h e  y e a r ,  t h e  f i n a n c i a l  p i c t u r e  of most 
g a s  d i s t r i b u t o r s  s u f f e r s  s u b s t a n t i a l l y .  There a r e  t h r e e  g e n e r a l  approaches  t o  t h i s  
problem. F i r s t ,  .we t r y  t o  s e l l  g a s  on a f i r m  b a s i s  for a p p l i c a t i o n s  which have 
t h e i r  g r e a t e s t  reql i i rement  i n  t h e  summer, such  as a i r  c o n d i t i o n i n g  and swimming 
p o ~ l  h e a t i n g .  U n f o r t u n a t e l y ,  t h i s  i s  g e n e r a l l y  on ly  a v e r y  p a r t i a l  answer a t  
p r e s e n t .  Secondly,  many comoanies ,  i n c l u d i n g  my own, have developed underground 
s t o r a g e  f a c i l i t i e s  nea r  t h e i r  m a r k e t s ,  i n t o  which w e  i n j e c t  g a s  i n  t h e  summer and 
withdraw i t  i n  the w i n t e r  t o  meet t h e  peak r e q u i r e m e n t s .  T h i s  s e r v e s  t h e  d u a l  
purpose of p e r m i t t i n g  us  to t a k e  summer gas  f rom t h e  p i p e l i n e  a t  h igh  l o a d  f a c t o r s ,  

* and t o  meet w i n t e r  peaks w i t h o u t  commi t t i n z  o u r s e l v e s  t o  s u b s t a n t i a l  new inc remen t s  
of p i p e l i n e  f l o w  gas  w i t h  a d d i t i o n a l  f i x e d  demand payments and take-or-pay p r o v i s i o n s .  

The t h i r d  a l t e r n a t i v e  i s  t o  s e l l  g a s  to l a r g e  ccmmercial  and i n d u s t r i a l  
e s t a b l i s h m e n t s  on a n  i n t e r r u p t i b l e  or off-peak b a s i s .  Such cus tomers  u t i l i z e  Coal ,  
o i l ,  propane,  or  o t h e r  a l t e r n a t i v e s  when they a r e  i n t e r r u p t e d  and canno t  have n a t u r a l  
g a s .  S i n c e  our payments to t h e  p i p e l i n e s  under t h e  demand coaponent  of t h e  r a t e  a r e  
f i x e d ,  t h e  on ly  measurable  i n c r e m e n t a l  c o s t  of g a s  f o r  s u p p l y i n g  t h e s e  customers  i s  
t h e  commodity c o s t .  Any r evenue  o b t a i n e d  from such  customers  over and above t h e  
commodity c o s t  of t h e  g a s  which they u s e  r e p r e s e n t s  a c o n t r i b u t i o n  t o  p re - t ax  e a r n i n g s  

i 
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I n t e r r u p t i b l e  an3  o f f -peak  g a s  i s  g e n e r a l l y  s o l d  i n  v igo rous  p r i c e  c c m p e t i t i o n  w i t h  
o t h e r  f u e l s .  If r e g u l a t c r y  p o l i c y  fo l lowed  economic p r i n c i p l e s ,  and a s s i g n e d  c n l y  
v a r i a b l e  c o s t s  t o  t h e  comaodity component of p i p e l i n e  r a t e s ,  t h e  commodity cha rges  
would be lower ,  and our c o m p e t i t i v e  p o s i t i o n  i n  t h i s  marke t  would be  improved. L e t  
me emphasize c l e a r l y  t h a t  our company s e l l s  g a s  t o  i n t e r r u p t i b l e  u s e r s  on ly  when 
excess  g a s  i s  a v a i l a b l e  f o r  which no more d e s i r a b l e  a l t e r n a t i v e  e x i s t s ,  and the  
d a i l y  amounts of gas  for  which we c o n t r a c t  w i t h  our  p i p e l i n e  s u p p l i e r s  a r e  de t e rmined  
e x c l u s i v e l y  by t h e  demands of year-round cus tomers .  

For d i s t r i b u t i n g  ccmpanies ,  o p e r a t i n g  c o s t s  can a l s o  be d i s t i n g u i s h e d  between 
f i x e d  an? v a r i a b l e  components.  C e r t a i n  c o s t s  a r e  c o n s t a n t  r e g a r d l e s s  of  t h e  amount 
Of g a s  used  by the  cus tomers .  Cjther c o s t s  a r e  v a r i a b l e  depending upon customer 
usage.  T h i s  i s  the  economic j u s t i f i c a t i o n  f o r  t h e  t y p i c a l  b l o c k  r a t e s  used by g a s  
u t i l i t i e s ,  under which l a r g e  u s e r s  ea rn  p r o g r e s s i v e l y  lower c h a r g e s  pe r  u n i t  o f  
consunp t ion .  U n f o r t u n a t e l y ,  i n  many p a r t s  o f  t h e  coun t ry  t h e  d i f f e r e n t i a l  l e v e l s  
of t h e s e  v a r i o u s  b l o c k s  canno t  r e f l e c t  r e a l i s t i c a l l y  t h e  p rope r  a p p l i c a t i o n  of 
eco,nomic and c o s t  p r i n c i p l e s ,  To do  so woald r e q u i r e  the i m p o s i t i o n  of s u b s t a n t i a l l y  
h ighe r  c h a r g e s  i n  t h e  i n i t i a l  b lock  of  consumption, and r e q u i r e  h i g h e r  minimum b i l l s  
per  month, than is  o r d i n a r i l y  p a l a t a b l e  f o r  r e g u l a t o r y  b o d i e s  s e n s i t i v e  t o  the  s o c i a l  
p r e s s u r e s  of t h e  v a s t  numbers of small u s e r s .  

Much r e g u l a t o r y  a t t e n t i o n ,  b u t  l i t t i e  a c t i o n  s o  f a r ,  i s  a l s o  be ing  accorded t o  
t h e  q u e s t i o n  of manage r i a l  e f f i c i e n c y .  Presumably,  a u t i l i t y  which i s  e f f i c i e n t  i n  
p r o v i d i n g  s u p e r i o r  s e r v i c e  a t  low c o s t s  t o  t h e  maximum number of p o t e n t i a l  customers  
shou ld  be e n t i t l e d  t o  h i g h e r  e a r n i n g s  ( r a t e  of  r e t u r n  t imes r a t e  base )  than a 
company which f u l f i l l s  t h e s e  d e s i r a b l e  o b j e c t i v e s  l e s s  s a t i s f a c t o r i l y .  I hope and 
a n t i c i p a t e  t h a t  t h i s  concep t  w i l l  be more g e n e r a l l y  r ecogn ized  and employed i n  
r e g u l a t o r y  d e c i s i o n s  i n  t h e  f u t u r e .  

Another s i g n i f i c a n t  economic problem f o r  many gas  d i s t r i b u t i n g  companies is  t h e  
impact of  i n f l a t i o n  upon t h e i r  i nves tmen t s ,  where s t a t e  r e g u l a t o r y  commissions s t i l l  
employ o r i g i n a l  c o s t  f o r  a p a s t  p e r i o d  a s  t h e  b a s i s  fo r  d e t e r m i n i n g  a l l o w a b l e  
e a r n i n g s  f o r  t h e  f u t u r e .  The t r e n d s  toward s u b u r b a n i z a t i o n  and l e s s  d e n s e  customer 
c o n c e n t r a t i o n ,  combined w i t h  h i g h e r  u n i t  i nves tmen t  c o s t s  because  of  i n f l a t i o n ,  have 
g e n e r a l l y  i n c r e a s e d  t h e  average investment  p e r  customer of g a s  companies.  Th i s  
n e c e s s i t a t e d  ( u n t i l  r e l a t i v e l y  r e c e n t l y )  r e l a t i v e l y  f r e q u e n t  r a t e  i n c r e a s e s  t o  
consumers.  The b e s t  s o l u t i o n  t o  t h i s  problem i s  v igo rous  and e f f e c t i v e  s a l e s  
promotion t o  i n c r e a s e  t h e  amounts of  g a s  used by each  cus tomer ,  s o  t h a t  t he  h ighe r  
i nves tmen t s  w i l l  be  u t i l i z e d  more f u l l y  th roughou t  t h e  y e a r ,  t h u s  p r o v i d i n g  more 
s a t i s f a c t o r y  c o n t r i b u t i o n s  t o  e a r n i n g s .  

What are  t h e  c h a l l e n g e s  t o  r e s e a r c h  and technology i n  t h e  economic problems 
o f  t h e  g a s  i n d u s t r y ?  
o f f e r  g r e a t e r  economies t o  consumers,  and p r o v i d e  more e f f e c t i v e  r e s o u r c e  u t i l i z a t i o n  
f o r  t he  e n t i r e  Nation? 

What r e s e a r c h  advances w i l l  improve t h e  i n d u s t r y ' s  e f f i c i e n c y ,  

L e t  me s t a r t  aga in  w i t h  e x p l o r a t i o n  and p roduc t ion .  A t  p r e s e n t ,  we c a n ,  through 
s e i s m o l o g i c a l ,  g e o l o g i c a l  and geophys ica l  p r o c e d u r e s ,  l o c a t e  presumably f a v o r a b l e  
underground s t r u c t u r e s ,  b u t  w e  can n o t  t e l l  ( o t h e r  t han  by d r i l l i n g  an  expens ive  
h o l e )  whether t h e r e  w i l l  be  hydrocarbon accumula t ions  encoun te red .  Research is 
c o n t i n u i n g  u s i n g  geochemical approaches,  and some expe r imen t s  w i t h  l a s e r  beams, b u t  
i t  would be a massive s t e p  forward i f  a method e x i s t e d  t o  de te rmine  whe the r , t he re  
were indeed hydrocarbons l o c a t e d  many thousand f e e t  benea th  t h e  e a r t h ' s  s u r f a c e .  

Techno log ica l  improvements are  c o n t i n u a l l y  needed on d r i l l i n g  t e c h n i q u e s  and 
w e l l  comple t ion  methods,  a s  e x p l o r a t i o n  goes deepe r .  E x p l o r a t i o n  i n c r e a s i n g l y  
i n v o l v e s  w e l l s  20,000 f e e t  deep  o r  more. 
i n  d r i l l  p i p e ,  more e f f i c i e n t  and l o n g e r - l a s t i n g  b i t s ,  and cement which w i l l  n o t  
s e t  t o o  q u i c k l y  and w i t h  s u f f i c i e n t  permanent s t r e n g t h  a t  h igh  t empera tu res  (4000+). 
The e n t i r e  s c i e n c e  of mud f o r m u l a t i o n  is amenable to  f u r t h e r  r e s e a r c h  and t e c h n o l o g i c a l  

A t  such d e p t h s ,  we need g r e a t e r  s t r e n g t h  



advance.  Mud s e r v e s  t h r e e  b a s i c  purposes:  i t  l u b r i c a t e s  and c o o l s  t!ie d r i l l  b i t ,  
i t  removes p i e c e s  of ground-up rock  f o r m a t i o n  from the  h o l e ,  and i t  s e a l s  off any 
f o r m a t i o n s  through which d r i l l i n g  h a s  p e n e t r a t e d .  In  many f o r m a t i o n s ,  e x i s t i n g  

means of f r a c t u r i n g  f o r m a t i o n s  a r e  needed,  t o  f a c i l i t a t e  e x t r a c t i o n  of hydrocarbons 
w i t h o u t  damaging the r o c k  s t r u c t u r e .  

,. muds do n o t  a lways s a t i s f a c t o r i l y  perform these  t h r e e  f u n c t i o n s .  More e f f i c i e n t  

I t  a p p e a r s  t h a t  f o r e s e e a b l e  advances i n  gas  t r a n s p o r t a t i o n  a r e  l a r g e l y  problems 
of  e x t e n d i n g  e x i s t i n g  t echno logy ,  r a t h e r  t h a n  deve lop ing  new t e c h n i q u e s  or  conduct ing 
a d d i t i o n a l  r e s e a r c h .  I t  is  l i k e l y  t h a t  l a r g e r  d i ame te r  l i n e  p i p e  ( p e r h a p s  42" o r  
48") might  be d e s i r a b l e .  More l i k e l y  is t h e  p r o b a b i l i t y  of u s i n g  e x i s t i n g  p i p e  
s i z e s  a t  h ighe r  p r e s s u r e s ,  which may r e q u i r e  h ighe r  s t r e n g t h  s t e e l s  and more 
e f f i c i e n t  compressors .  The u s e  of gas  t u r b i n e s  f o r  compressor s t a t i o n s ,  now 
becoming i n c r e a s i n g l y  conmon, may  b e  an answer t o  one p a r t  of t h i s  problem. There 
w i l l  a l s o  be c o n s i d e r a b l e  e x t e n s i o n  of t h e  concep t  of complete  au tomat ion  of long- 
d i s t a n c e  p i p e l i n e  sys t ems ,  w i t h  e l e c t r o n i c  d a t a  g a t h e r i n g  and c o n t r o l s  a t  one 
c e n t r a l  p o i n t ,  a u t o m a t i c a l l y  c o r r e c t i n g  p r e s s t i r e s  and g a s  movements f o r  va ry ing  
l o a d  c o n d i t i o n s  a t  any p o i n t  a l o n g  t h e  l i n e .  

J I n  t h e  f i e l d  of  g a s  d i s t r i b u t i o n  and customer u t i l i z a t i o n ,  t h e r e  a r e  many 
a r e a s  where r e s e a r c h  w i l l  b e  i m p o r t a n t .  Much r ema ins  t o  be  done i n  d e v e l o p i n g  
more e f f e c t i v e  and l e s s  c o s t l y  techniql les  for s y n t h e s i z i n g  n a t u r a l  g a s  f rom c o a l ,  
o i l  s h a l e ,  t a r  s ands  and o t h e r  m a t e r i a l s .  The development  of r e l i a b l e  and marketable  
f u e l  c e l l s ,  t o  c o n v e r t  n a t u r a l  gas  d i r e c t l y  i n t o  e l e c t r i c i t y  on r e s i d e n t i a l  premises ,  
i s  s t i l l  i n  i t s  in fancy ,  and major new advances a r e  a n t i c i p a t e d .  The f u t u r e  w i l l  
undoub ted ly  p rov ide  u s  w i t h  new types  of p l a s t i c  p i p e  w i t h  extremely l o n g  l i f e ,  
i n e x p e n s i v e  i n s t a l l a t i o n ,  f reedom from c o r r o s i o n  and chemical  a t t a c k ,  and a b l e  t o  
w i t h s t a n d  i n t e r m e d i a t e ,  o r  even h igh ,  p r e s s u r e s .  The development of more e f f i c i e n t  > 
t h e r m o e l e c t r i c  c o r r o s i o n  p r e v e n t i o n  t echn iques  f o r  s t e e l  p i p e  i s  needed. 

More r e s e a r c h  is r e q u i r e d  t o  deve lop  r e s i d e n t i a l  a b s o r p t i o n  g a s  a i r  c o n d i t i o n i n g  
w i t h  g r e a t e r  e f f i c i e n c y  and lower f i r s t  c o s t .  T h i s  may p o s s i b l y  i n v o l v e  the  deve l -  
opment of b e t t e r  chemical  sys t ems  t h a n  t h e  p r e s e n t  l i t h i u m  bromide medium. G r e a t e r  
combus t i  on eff i c  iency i n  r e s i d e n  t i  a1 a p p l i c a n c e s  , p a r t i c u l a r l y  gas  f u r n a c e s ,  would 
b e  a . m a j o r  s t e p  forward i n  t r u e  c o n s e r v a t i o n  of a v i t a l  n a t u r a l  r e s o u r c e .  
f u r n a c e s  which now o p e r a t e  a t  75 p e r c e n t  e f f i c i e n c y  are t h e  most e f f i c i e n t  o v e r a l l  
way of h e a t i n g  homes, b u t  i f  they o p e r a t e d  a t  85 p e r c e n t  i t  would s i g n i f i c a n t l y  
ex tend  t h e  l i f e  of our a v a i l a b l e  n a t u r a l  g a s  r e s e r v e s .  More r e s e a r c h  i s  needed on 
t h e r m o e l e c t r i c  d e v i c e s  t o  c o n v e r t  t h e  waste  h e a t  of f u r n a c e s  d i r e c t l y  i n t o  e l e c t r i c  
power to o p e r a t e  the  f a n s  and blowers  on warm a i r  s y s t e m s ,  s o  they may be independent  
of o u t s i d e  e l e c t r i c  power and be f r e e  of  ou tages  d u r i n g  s to rms  or c a t a s t r o p h e .  

G a s  

, 

F u r t h e r  advances w i l l  o c c u r  i n  deve lop ing  l e s s  c o s t l y  g a s  e n g i n e s  and t u r b i n e s ,  
and i n  , p rov id ing  more e f f i c i e n t  au tomat i c  i n s t r u m e n t a t i o n  and c o n t r o l  p a n e l s  f o r  
s u c h  u n i t s .  I n i t i a l  e x p e r i m e n t a t i o n  i s  a l r e a d y  be ing  conducted on r emote  meter 
r e a d i n g  u s i n g  t e l ephone  l i n e s ,  b u t  I f o r e s e e  f u r t h e r  advances,  p o s s i b l y  u s i n g  r a d i o  
t r a n s m i t t e r s  and r e c e i v e r s  i n  gas  company p a t r o l  c a r s  d r i v i n g  th rough  neighborhoods.  

I hope I have p rov ided  you a r e a s o n a b l y  comprehensive p i c t u r e  of t h e  c u r r e n t  and ,.- f u t u r e  s t a t u s  o f  gas  u t i l i z a t i o n  i n  t h e  Un i t ed  S t a t e s ,  and of some of t h e  economic 
I a l s o  t r u s t  

t h a t  some of t h e  c h a l l e n g e s  t o  r e s e a r c h  and technology which I have mentioned w i l l  
e x c i t e  your imag ina t ion .  We need t h e  a s s i s t a n c e  of a l l  t y p e s  of  s c i e n t i s t s  throughout  
t h e  c o u n t r y  so t h a t ,  i n  t h e  consumer i n t e r e s t ,  w e  can improve t h e  performance and 
e f f i c i e n c y ,  and lower t h e  c o s t s ,  of our  N a t i o n ' s  f i f t h  l a r g e s t  i n d u s t r y ,  t h e  n a t u r a l  
g a s  i n d u s t r y .  

' problems a f f e c t i n g  a l l  p h a s e s  of t h e  i n d u s t r y  from wellhead t o  consumer. 
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I '  
C h a r t  1 

Cooking Fuel  in the  U.S., 1940-1960 

Gther  o r  T o t a l  Occupied 
None Dwell ing Units  -- Gas(a) 

Num5er ( 0 0 0 ' s )  

1940 1 7 , 0 2 6  1 7 , 8 2 8  34,854 

1950 25,502 17 ,324  42,826 

1960 33 ,730  1 9 , 0 8 2  52 ,812  

P e r c e n t  

1940 

1950 

1960 

49 5 1  100 

60 40 

64 36 

( a )  I n c l u d e s  b o t t l e d  g a s .  
\ Source :  1960 U . S .  Census of Housing 

100 

100 
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Chart  3 

. 
\ 

E f f e c t  of Two-Part Rates  and Seaboard 
Formula on Average Cost of G a s  

1. Assume a f i c t i t i o u s  p ipe l ine  with: 

maximum d a i l y  capac i ty  of 2,003,000 MCF 
. annual s a l e s  of 500,000,000 MCF 

f i x e d  c o s t s  of $80,000,000 
v a r i a b l e  c o s t s  of $70,000,000 

"True Economic" Rate 

$3.333/MCF/mo. demand 
plus 14.OC/MCF commodity 

2.  Assume two d i s t r i b u t i n g  u t i l i t y  customers with: 

200,000 MCF/day demand 
90'ib load f a c t o r  

$ 8.000.000 
9; 184,000 

$17,184,000 
65,600; 000 

26.15 

$ 4.000.000 . .  
14 432 '000 

$18.432.o00 
65,600,000 

28.15 

"Seaboard" Rate 

$1.667/MCF/mo. 
plus  22.OC/MCF 

200.000 MCF/day demand 
50% load f a c t o r  

"True Economic" Rate 

Demand 
Commodity 
Tota l  Cost 
Tota l  Purchases 
C /MCF 

"Seaboard" Rate 

Demand , 

",modi t y  
Total  Cost 
Total  Purchases 
C/MCF 

$ 8,000,000 
5,096,000 

$13,096,000 
36,400,000 

35.95 

$ 4,000,000 

36,400,000 
33.00 

I '  


